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CHANGESTO PLANNINGAND OPERATIONSDIRECTIVE(NW- 121)
1972ENIWETOKATOLL RADIOLOGICALSURVEY

d Title of I.B. on Page 1, change to read: “Interagency Arrangements”.

2. Appendix A, Page 2, Organization, Item 2, change to read as follows:

“2. The Division of Operational Safety (DOS) wiIl share
responsibility for planning the survey and will provide
the coordination of these plans and their extension
during the survey with the Assistant Gener=l Manager
for Environmental Safety {AGMES). DOS will also provide
information on the survey to EPA staff at the Washington
Ievel upon request. DOS will review and evaluate all
data and assessments relevant to the feasibility of

— various cleanup methods and methods for disposal of
hazardous materials, and will make reconsnendationson
requirements, guidelines, and environmental and health

-- protection standards to be employed during cleanup
operations.“

M ““-- ‘-” - - ““””” ‘-” ”--”

4.

Appenauc A, rage 3, rlgure 1, replace wlcn me accacnea rlgure.

General Consnent:

—-—

●

✍✍

--

--

--

A comprehensive safety plan has not been included as part of this
document in view of the fact that each participating organization
~ agency is responsible for the safety of its own participating
personnel. It is noted also that the site is a DOD operating loca-
tion with overall site safety responsibility vested in the Site
Manager.
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PLANNING AND OPERATIONS DIRECTIVE (NVO-121) - 1972
BNIWETOK ATOLL PRE-CLBANUP RADIOLOGICAL SURVEY

I. llack~ound

A.

B.

c*

Historyand PurDose

The 13niwetokAtoLl was extensively used during the 1950’s for ●tmospheric
nuclear testing, necessitating displacement of individual livingthere.
Since the United States Government ia prepared to release legally the
●ntire ●toll to the trust territory government at the ●nd of 1973, subject
to retention of some minor residual rights,rehabilitationof the atoll
has been proposed. In anticipation of possible rehabilitation, a prelim-
inary ~urvey of the ?!niwetokAtoll wag conducted by W during May 1972 to
facilitate comprehensive survey planning. This surveyestablished partial
inforaatfon on the extent of radioactive material on the atoll, but the
information was not sufficiently comprehensive to permitcareful ●saea$ment
of the radiological implications of test debris remaining on the ●toll or
of cleanup costs for material that must be removed before the native
populationcan return. A comprehensive &urvey ia required in order that
these ●aaesmenta may be made. The MC has ●cceptedreaponaibilityfor
conductingthis surveyand haa ●aai~ed it for Headquarters coordination
to DMA ●nd haa directedNV to implementthe program.

The purpose of thisPlanning ●nd Operation Directiveia to provideguidance
●nd to define reoponsibilitfea for the conduct of this survey,

ArranEementa

Within the A!!C t&e Aaaiatant GeneralManager for Mil$taryApplication ia
responsiblefor coordinationwith the Department of the Interior(includins
Trust TerritoriesAdministration),the Departmentof Defense, the Environmental
ProtectionAgency,and all other Wa-hinstonlevel●genci~s●nd officials.
There has been established●n interagencyWashingtonlev~lcoordhating fjroup
char~edwith definitionof overall EniwetokAtoll objective, with one
member ●ach from the Departmentof Interior.Oepaxtment of Defense, ●nd A~C.

- ..
Objectives of the Survey

Specificobjectives of thaSniwetokAtoll pre-cleanupradiologicalwrvoy
●re ●. follow:

1. To locata●nd identifycontaminated●nd ●ctivatedteat debri8.

DOE ARCHIVM
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2. To locateand evaluateany significantradiological hazardswhich may
~licate cleanup ●ctivities.

3. To identifyaoureeu of directradiation and food chain-to-man pathe
bavimgradiological Implication.

0. Survey Plan

Z’& Xadi.ologicalSurvey Plan, which describes the manner in which the
technicalobjectivesare to be

II. Amhoritzes and ReeponeieiLities

Authorization and guidance for the
was furnished NV per teletypefrom
stkhed ● Appendix B,

achieved, 16 attached aa AppendixA.

l!nfwetokAtoll pre-cleanup radiological survey
AY!CHeadquartersdatedSeptember 13, 1972,

- Dlviaionof 14ilitaryApplicationwill providewerall Wwhington direction ‘
●nd will coordinateAEC policyrelatfngto the conduct of the survey its~lf. I

Stamdarda●nd requirementsfor the survey have been definedby tha Division of
Operational Safety and Biomedical●nd EnvironmentalResearch,●nd ●re incorpo- /
s6W in thaSurveyPlan.

Witiin theMevadiOperation Office, the A88$atantMansaer for
ba reaponaibleto theManagerfor successfulaccomplishmentof
of the I!nivetokAtoll rad~olo6~cal w~ey, laboratory ●nalysis
preparation of the requiredsurvey●d ctudy reports. He will

I

0peration8 will - j
tho objectives /
●ffort ●nd for I
be supportedby I

●~chnical Directorwho shallhave full●uthority●nd rocponsibllityfor the
tedmi.calconduct ●nd execution of th* survey plan. The A@sictant Managar for I
Operation will be ●ssisted, to the ●xtent required by theAssistantManager for ~
taglneerin~ ●u! Logistics,●nd the Director, Pacific Area Support Office, in
matter, of ffeldsupport. Within this framework, NV’s responsfbilLtlos ●rs ●s
follows :

1. To prepara● plan for the conductof the
of samplesobt@ned, utilizin~ M@C@SS8~

2. To select personnelto conduct the field

I

field SUWCY ●nd fOr the @~@i8

laboratory ●nd contractorsupport.

Wwey o

3. To” selact Iaboratoriec ●nd personnel to ●ccomplishthe laborato~ analysi8
work, This task includestho ostablithmentof proc~dur~c, standards and
mt@da for th oorrclation of dats km-n laboratoriaa~

4. To aupport MC IIeadquattero actfvftioa requiredfor pathway ●nd dose
●utac=nto

DOE ARCHIVU
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111.

IV.

5. To arrange for necessary logistical.

6. To mafntaln direct liaison with MA
?kadquarteraDivisions cognizant of

8upport●

for field support and to keep AEC
field ●ctlvltiea.

7. Fending further guidance, to ●ddreaa priority considerations in planning
for sample●nalyeiaand for the biological pathwayand dose ●satauaent
portionsof this task.

s. To develop the appropriate survey reports and submit them to MC Headquarters.

The organization for the Eniwetok Atoll radiological survey program ia incorpo-
rated in Appendix A.

Sumrev Execution

The ●u=eyuill be conducted over ● period of ●bout ●@ht weeks mtarting on
or ●bout October 13, 1972.

the
Of:

1.

2.

3.

4:-

S.

6.

7.

fieldparty

Bivhlon of

performingthis surveyis expectedto tnclude

Operational Safety,

Office of the AssiotantManager

Bational Environmental Research

Laboratoryof Radiationllcology

repreaentative~

(DOS), HQ

for Operation (MO), NV

Center (ZPA/h=RC),La. Vesa.,N*v.

(LRE),Unfversit~of Waehin@on

Lawreace LivernmreLabor@wry (LLL)

EolnMs●nd BJarvet, Inc. (MM)
.

~berlimeInstrumentCorporation (’HC)

laboxatom ●ffortwill continuefor come months followlns
ie described in detail in Appendix A.

— the Wrvcy ●nd
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Initialdeploymentof ●quipment●nd personnelwill be via militaryspecialair
tision fromTraviaAir Force Base to Eniwetok. Personnel rotation ●nd sample
shipmentswill be handled by normal military and commercial aircraft. A ~chedule
of field s-ey peracmel la attached as AppendixC.

v. Pro=ramPunding

Ramda in the ●ount of $314,000have been made ●vailablefor this survey. Of
this, $100,000Was provided by DOS and $214.000 by IM.

&mts will be reported by contractors in category 03-30-01-02 (on-continent
technicai supporcj. Ine Finance Division will record coats ●a necessary to
●ccount fsr the varivu~ fun;ing sources.

Cmtractora will be provided funding in financial plans in the ●bove categary.

LU internaleffortassociated with this aurveywill be coatedwfthinLLL
em fundinfJ.

DOE ARCHIVES
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ENIWETOKRADIOIOGICAIJSURVEY PLAN

.. 29 September 1972

. W.E. Nervik, Technical Director

I. ~ODUCTION

-= : AEC Headquarters has accepted responsibility for conducting

a comprehensive radiological survey of the Eniwetok Atoll. DMA has

been given responsibility within Headquarters for the survey and they,

in turn,havedelegatedthe responsibilityto WOO. In the wording

of the 13 September 1972 implementing directive from DIM to NVOO:

‘It is the overall AEC purpose to gain a sufficient under-

standing of the total radiological environment of Eniwetok

Atoll to permit judgments as to whether all or any part of

the atoll can safely be reinhabited and, if so,”what steps

toward cleanup should be taken beforehand and what post-

rehabilitation constraints must be imposed. It is necessary

to thoroughly examine and evaluate radiological conditions

on all islands of the atoll and in the local marine environ-

ment prior to commencement of clean-up activities in order

to obtain sufficient radiological intelligence to develop

an appropriate cleanup program.

Specifically, it

1- To ticate and

debris,

2- To locate and

hazards which

is necessary:

identify contaminated and activated test

evaluate any significant radiological

may complicate cleanup activities and

3- lb identify sources of direct radiation and food chain-

ti-man paths having radiological implications.

You are directed to plan, organize, and conduct a radiolo-

gical field surveyto develop sufficient data on the total

radiological environment of Eniwetok Atoll to permit the

assessments on which the judgments described above can be

made. This survey should be accomplished as soon as possible

upon completion of the necessary planning and coordination.

It should consider the total environment pertinent to re-

habilitation including both external radiation dosage
D9E ARCHlv=
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\ and biological food-chain considerations. It is anticipated

that technical stand=ds and requirements will be provided by

responsible divisions within AEC Headquarters.”

_ization: The organization of the field survey, the analytical

work, ~d tie interpretive effort associated with the Eniwetok Rro-

~ has largely been determined by the following considerations:

1. At the Headquarters level the Division of Biology and

Rmrlronmental Research (DBER) will have responsibility for assessing

* biological implications of sources of direct radiation and food

&An-to-man paths. DBZR will provide guidance as to the data needed

~ tie field to con*xt that assessment.

2. The Division of Operational Safety (DOS) will have equivalent

responsibility for work associated with clean-up op~~~ti~~~.

3. The Eniwetok Atoll is currently under the jurisdiction of

the Air Force (SAMTEC), and contracted field operations people are on

the atoll supporting the PACE experiments. DOD (DNA) has agreed

- these people will support the survey progrsm also. The PACE experi-

~nta are now standing down, and the PACE people sre off the atoll

~iog approval of the appropriate environmental statements. In

X that we do not put an undue strain on the support capabilities

* radiological survey should be completed before the PACE people

return. Their return is now scheduled for January 1, 1973.

4. The Radiological Survey is a fairly large effort superimposed

am technical organizations which already have made commitments for

tiefx people for FY 73. The number of qualified organizations able

W uilling to respond is therefore limited.

5. Since no compromise on the quality or comprehensiveness of

sunmy will be acceptable, participants are being chosen on the

~ia of their being able to do the necessary high quality work in the

X I?ianein which it is needed.

With these considerations in mind, an organizational chart of the

-=tokSurvey Program is shown in Fig. 1. NVm is the primary organi-

zatiomfor implementing the survey, interacting with DMA, DBER, and

= at the Headquarters level. The survey itself, and the interpretive

etYcn% associated with it, have been divided into eight categories:

DOE ARCHIV=

-2-
..



. ..

.

e

.

-.

.“

.—— — ——— ———

L___

---

.

I
I
I
I
I
I

I
I
I
1’
I
I

I
r

I

ARc~lv=

-.--——— — -.



..

●

✎ ✎

●

Ix

the Radiological Assessment Review

Coordination at NVOO; measurements

Group appointed by DBER; Field Operations

involving the Cleanup Survey; External

~~e ~d Soil Survey; Air, Biota, and Potable Water Survey; Mmine S’urVeY;

and Sample Analysis; and Data Evaluations. Authors of detailed plans for

each of the last six categories sre indicated on the chart. It is now

expected that the program will involve personnel from the following

organizations: NVOO, I’ZRC(EPA), LLL, LASL, MCL, Univ. of Wash., HASL,

Eberline Inst. Co., TTPI, Univ. of Hawaii, DOS, and DBER, plus organiza-

tions not yet identified involved in the Radiological Assessment Review

Group .

For orientation purposes a map of Eniwetok Atoll is shown in Fig. 2.

previoussurveysin May and July of this year indicate that radiological con-

tamination levels ‘~aryfroiiilight (l-lOWR/hr at 3’) for islands on the

southern half of the atoll to heavy (>lOOOkR/hr at 3’) on Runit, with

islands on the northern half of the atoll in intermediate categories.

& canbe seen from Fig. 2, no survey data are available for at least

10 of the islands. Data on radiological levels in the marine environment

and In air are particularly scarce. Our intent is to obtain samples and

data from the least contaminated islands first, then move to the more

highly contaminated islands, and end on Runit. The marine work will run

concurrently with the terrestrial survey. This is not, however, meant

to imply that the least contaminated land areas have the least contam-

inated adjacent marine environment. Currents and other processes in

the lagoon have probably redistributed the initial inventories of

radionuclides to the extent that any attempt to predict relative con-

ixunbation levels in the marine area neax each island is presently impossible.

In this survey, we will design and c=ry out our field studies in

the Atoll with sensitivity to preservation of the natural environment.

This means that we-will make an effort to utilize the literature, outside

mqnerts, and our own experience in order to sample living populations and

soils so as not to generate imbalances. Special care will be taken to

avoid the additionof persistenttoxicmaterial,wastes and refMse,and

to leave the environmentof Atoll in as leastas good a conditionas when

we entered it.

RADIOLOGICAL STATUS AND DOSE EVALUATION:
~0~ liRcH1v~

The Data Evaluation Group is an integral part of the program plan for

-4-
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Moderate contamination
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Eniwetok, =d this WOUP has been in~olved since the incePtion Of the

st* in the development of a -----manel~~ep.ent~~d.ev~luation pl~n which

optimizes the return of information aimed at the objectives. The design

of the program has been formula~ed after considering the following re-

quirements:

1.

2.

3.

b.

Ilrogranfocus. Tiiatthe program plan be developed in response to a

well-defined charter and objectivc~s as stated and discussed in the

first section of this report.

Use of existing data. That past studies and data be brought to bear
\

on the neasure.mentand evaluation program design, including survey

data from Eniwetok and Bikini and the more general literature on

radioactivity iu loud chaius iu LiieAtoll. Such data ila.veprovided

guidance for developing measurement plans which will give compre-

hensive information for assessing radiological aspects of future

habitability and the feasibility of clean-up prior to rehabilitation.

Integrated program structure. That information and materials flow

through a system of sample collection, identification> ana~sis~

and interpretation which protides for the best utilization of time

and resources, minimizes errors and losses~ and allows for raPid

feedback and long term access to s~ples, raw data, and logic

sequences which lead to results and interpretations.

Technical resources for evaluation. That the evaluation of data for

radiological assessment be approached in a way which utilizes the

very latest understanding of radioactive transport in the enviromnent

and of mechanisms and parameters affecting the dose to man. This

principle is to be implemented by drawing on resources and capabilities

in a number of institutions, including LLL, LASL, HASL, and the Uni-

versity of Washington. In addition, information on projected living

patterns of future inhabitants which might influence a radiological

assessment will be evaluated with the assistance of experienced in-

dividuals. Contact is being made with Dr. John Tobin, an anthropolo-

gist very familiar with the living habits of the native population,

in this matter, and we will also draw on scientific investigators of

long experience in the Atoll, such as Dr.’s Held and Sewour of the

University of Washington. Additional key participants and consultants

— DOE ARCHIVES
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. . are listed in ‘lable1.
●

Table 1

Major Participants in the Data Evaluations Group

Group Leader:

Data Handling

Calculations:

and Computations:

Evaluations and Applications:

Consultants:

5. Communication of results.

in time, will be in close

Finally,

D.

w.

Y.

B.

w.

c.

J.

A.

M.

Wilson, LLL

lkrtin, W. Phillips, (LLL)

Ng (LLL), B. Bennett (HASL),

Rich (LLL)

Robison (LLL), B. Rich (LLL),

Richmrid (ML), D. ~ihuU (LLL)

Tobin (TTpI), E. Held (AEC),

Seymour (U of Wash.), P. Gustafson (JXL),

McLaughlin (H4SL), R. Conard, M.D. (RHL).

that the evaluation, as it proceeds

communic;.tionwith the Division of

and E-onmental Research (DBER) through a review committee

Dr. Nathaniel Bsrr (See Figure 1). The advantages to such a

are two-fold:

Bio-!fiedical

headed by

communication

a. For maintaining point-in-time cognizance of our activities, methods,

and results, which will enable DBER to review the final product more

intelligently and more effectively under time constraints, and

b. For providing guidance during the progress of the survey and to

serve as a point of contact for information available across the

whole research progrm in the AEC on environmental radioactivity,

including &C experience in DBER and DOS regarding radiological

assessment and rehabilitation on Bikini.

The “Radiological Report on Bikini Atoll,” April, 1.968,by Dr. P.F.

@u%tafson, then of DBM/AEC and now of AWL, provides an excellent backdrop

at which to view the c~rent Eniwetok evaluation progrm. Comparison

ad mntrast of the two situations (Bikini and Eniwetok) regarding radiological

aapects provides a number of facts useful in developing a program plan. Most

POE ~CHIWS
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8 relevant to the Enik-etok program is to

e~riments and the expected lifestyles of

could elaborate ciisecond-order differeiices

to be expected, but it is most important to

tions:

emphasize the similarity in the

the future inhabitants. One

as they exist or as they are

point out two major considera-

I.. Rega?tiingthe major pathways, evaluation can be based primarily upon

the expected similarity which will exist in lifestyle and habits

between the returning Bikinians and Eniwetokese. The predominant

protein source will be from marine fish, but, where possible, coconuts,

pandanas, and arrowroot ~~illbe cultivated for food. A diet canbe

constructed on the basis of the Rongalese diet, as was done by

~tafson for Bikinians, and adjusted as indicated by information

gained on the specifics of Eniwetok Atoll.

2. Serious contrast can be made, however, between Eniwetok Atoll and Bikini

Atoll as regards the base radiological contamination, which is both

larger for Eniwetok and compounded by the larger amounts of
2s9n and

other transuranics. Thus, while we cannot yet speak of the relative

importance of long-lived fission products, activation products, or ‘

alpha radioactive elements, it will be necessary to provide comprehensive

assessment of the latter class of radionuclides in order to put these in

pers-pectiveto the others. This will include assessment of both the in-

halation and ingestion pathways.

In brief, the assessment is organized around a pathway-dose two dimensional

matrix. Radionuclide composition of dose transfer media such as foods, air, and

water will be coupled with existing models of intake and metabolism to calculate

potential dosages, taking into consideration the projected patterns of living

of the future inhabitants.

10

2.

3*

major pathways under consideration are:

External Radiation

Internal Radiation

a. Terrestrial Foods

b. Marine Foods

c. l?zster

Inhalation, Sulmwrsion

An understandin~ of the data base to be generated for these assessments

can be obtained in the followin~ sections of this program plan. It iS OW

goal to provj.deall t!lcd’l~fi needed to order the relative importance of

DOE ARCHIVES
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radionuclides and pathways on the overall picture of radiological assessment

for hahitabillty at thjs time, and to provirled~.taand interpretations which

will guide clean-up assessment. These data, however, will not, in all cases,

be sufficient to predict potential dosages over the long-terim. This point

is made to emphasize that limitations in the data base may exist which will

not allow detailed path:ay modeling and projection of infinite future dosages

in all cases.

Previous studies at Eniwetok provide a basis for developing a list of

radionuclide species to be”encountereciin the measurements program (see

Table 2). This list my not be conplete, and the study may turn up other

indnced activities. Nevertheless, it is most probable that a small nunber
. .--A-:-”..411 l,c>~~a 4-L . . .....-...&..of r2?icm2ckd:0=. . . . . ,.AA.* UAL~ iuA~UA 1. GJGf SigiAf’iC~lit ZGS &g.es

as was found for Bikini. In addition to the transuranics, we expect
go~r

137C~ 60C0 and ~,1aD3 55
9

s Y * Fe to be major contributors to dosage, depending

on the pathway considered and the circumstances.

Most of this work of assessment will be straightforward and will consist

of applying food-chain and dosimetric data well in hand in the literature and

available in such sources as ICRP No. 2. However, we recognize the importance

of the results of the measurer,entprogram in generating new information on

the transpnt and fate of the heavy elements and we also recognize our re-

liance on other current research and evaluation activities in the areas of

heavy element biological distributional dosimetry in man.

We plan to work closely with DBER and groups such as the NVOO Applied

Ecology Group and the AIBS Advisory Committee on Plutonium, particularly to

interpret the significance of plutonium in the context of habitability and

clean-up.

III. EXTERT?ALDOSE ~~ SOIL SURVEY: -

This soil survey plan is based largely on,the draft plan dated

flllugust 19?’2developed through consultation among the following individuals:

Drs. Seymour, Held, Nelson, Welanda, and Schell (Univ. of Wash.), Drs.

-hart, and Gflbert (BNW), Mr. McCraw (DOS), andMr. Lynch (NVOO).

The survey has been divided into four phases. Phase I is designed to

identim any unsuspected radiological problems on the least contaminated

islRnds. Phase II includes islands which have been subjected to fallout to

-ious degrees (minor to somewhat severe) and construction activities which

DOE ARCHIVES
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Isoto~ ~’ (days) I&”’ (days) Emission Critical Organ
EnerCy (l:s’;)

-. EEF(l{tE). *X+ n

39
14C

55Fe

&lti

4.5X103

6
mo

1. IX103

1.-03

X2 $-

12 P-
10

600 e(x-ray)

3.2x103

9.5 Ps 7

6~i 2.%lo4 800

137C=

147=,

1.06X103

206

876

..

1.1xlo4
\

w

6.4x103 B

10.4 e(x-ray)

10.4 P-, P+

38 ~> T

100

100

100

70 r> P

138

*
Half-1ife in man following uptake in tissue

l?.13.

Sol. Fat

Subw!rsion W.B.

Sol. spleen

Insol. Lung

Insol. GI

Sol. W.B.

Sol. GI

Insol. Lung

InSol. GI

Sol. Bone

Insol. Lung

Insol. GI

Sol. Bone

Insol. Lung

Insol. GI

W.B.

W.E.

Sol. W.B.

Sol. Bone

Sol. GI

Sol. Lung

Insol. Lung

Insol. GI

Sol. W.B.

Insol. Lung

Insol. GI

So~.Bone

0.0063

0.054

0.054

0. O(L5
11

It

1.5

0.44

0.72

0.)!1}

0.11
0.021

0.021

1.1

1.1

1.1

1.2

0.39

0.34

0.69

0.23

0.26

0.59

0.41

0.34

0.35

sol. , Insol. GI

Insol. Lung

0.069

0.069

DOE ARCHIVfi

M“
kXfective energy for deposition in human tissue. (includes active decay products)

-
Abbreviation: GI (Gastrointenti:l~ tract), W.B. (Whole body).



. ?W?.e 2. (continued) -X
qJs ,Y,) ~~ff.

Enercy (}!c”.’j

kotope 1,2 (days) Er.issi. Critical Organ zEF(RBz)ri
. .

● —--

3.7X104

4.7X103

5.8X103

@~

2.9X103

2.6x1011

12
1.7X1O

3.3X104
-.

8. 9X106

2● 4xlo6

1. 7X105

104X103

559

1.lxlos

1.2X103

1.2X103

~~1+

438

439

5

6

100

100

15

2.3xlo4

7.2X104

7.lXlo4

4
2.3x1o

5.1.X104
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6, T

P-, c, Y

?-

a, (3>y

a, y

u, y

a, y

a, y

Sol. Bone 0.13
sol*, Insol. GI 0.041

Insol. Lung

Sol. GI

Sol. Kidney

Insol. Lung

Sol. GI

Sol. Kidney

Sol, Rnne

Insol. Lung

+1- ~~

Sol. YJdney

Sol. Bone

Insol. Lung

Sol. GI

Sol. Kidney

Insol. Lung

Sol. GI

Sol. Kidney

Sol. Bone

Insol. Lung

Sol. GI

Sol. Kidney

Insol. Lung

Sol. Bone

Insol. Lung

Sol. Bone

Insol. Lung

Sol. Bone

Insol. Lung

Sol. Kidney

0.042

0.65

0.71

0.71

0.20

0.25

0.45

0.86

~-Q75

0.083

0.28

0.095

C)*2L

0.33

0.45

46

46

230

46

0.43

43

43

280

57

270

53

270

53

57:

POE ARCHIVES
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form of activated

tributed fallout,

will also include

situated on these

meial de’uris,radiotictivewaste disposal areas, ciis-

and localized plutonium contamination. The survey

an e~tii~.ateof the extent of radioactive scrap metal

islzz~s. Finalhy, Phase 1’/addresses l?’u~it(Yvonne),

the most heavily contaminated island.

The selection process for survey priorities is based upon insult

determination of each island from exaw.inationof historical records

and current radiolo~ical data provided by preli~.inarysurveys of Enivetok
------inmfiAtull iii:ulj-1971, L,.ay l.y(~, aml uf RUJL4Uin Juiy 1572.

Field I;eterSurvev

The survey includes a very detailed examination of the geographical

~iability of the gama exposure rate in air on each island due to the

gamma rays of greater than 100 Kev emitted by radionuclides deposited in

the soil. These nuclides are primarily fission and neutron activation

~oducts . The Baird-Atomic scintillation instrument, which utilizes a

1“ x 1“ RaI crystal, vill be used to make these measurements. Similarly,

the flux of gamma rays of energies less than 100 Kev due to
2S9W ~d

241
Am willbe measuz-edby the FIDLER. This instrument consists of a

~8” thickx 5“ diameter NaI crystal connected to a rate meter. The

geographical variation of these measurements will enable the survey teams

to locate the areas contaminated with radioactivity where soil samples

may be collected for laboratory analysis to determine the concentrations

of specific radionuclides present.

Aerial”.radiologicalMeasurements.

This method has been used by EG&G, Inc. for several years for rapidly

and economically surveying large land areas for radioactive deposition and for

the location of lost radioactive sources. The data provided by such a survey

villbe extremely valuable in guiding the field survey teams in the conduct

of thetisurveys. It will greatly reduce the possibility of the survey team

missf~ contaminated a~eas and at the same time increase their efficiency by

elk.inating their need to extensively survey uncontaminated areas. DOE ARCHIVES

The E&%G airbcrne radiation detection system that we propose to utilize

-12-
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consists o? two pods ~ounted on a helicopter or light aircraft. Each pod

contains 20 5“ x 2“ NaI crystals. The signals from thece detectors are

summed and sub.nittedto a data acquisition system. The outp’~tis monitored

by 8 single channel analyzers and a multichannel.~naly?er for s?..n.rn-a2pectr21

analysis. Also included in the sy$ten is an inertial navigation system

uhose c’utpltis reccr:zd 2imLi22eousl:.-‘.:iththe radiation dzta on uiagnetic

tape.

If the system were rmunted on a helicopter travellir~ at 100 ft/see,

the spatial resolution for
241

Am cn tke surface is approximately 100 feet

hien Usii-&t?.ieS5LG1C “-=-----’G..-.C1.C.Lr;1G3eCJfL~U&XaJUiuil.i~~il~ii~~s~ ~d:!’flld e.~i-tters

may be located with a s~atial resolution of about 50 feet based upon the

accuracy of the inertizl n?vigat.ionsys+,e-, The rn.inintU.-I limits of d.etectiP!?

for 60Co and ’37Cs !“ c>out 1 ~R/hzz zml appro::inatelylpCi/n2
for 241AT

..

The system my als~ be flovn satisfactorily on SXZ1l fixed wing aircraft,

but the spatial resolution is directly related to airspeed.

The total weight of the system is 1~09 lbs and requires 3 people to

operate. It would take approximately 1-3 weeks to cor,ple:~ethe survey de-

pmding upon meteorological conditions.

Aerial photographs of the islands m.a,yalso be taken with a separate

EG&G system which incorporates four Hasselblad cameras equipped with 80 mm

lenses. High resolution photographs obtahed with this system ere a

necessity in order to accurately identi~ locations where soil samples and

survey meter readings were obtained as well as to assist in essessing the

smount of cleanup that will be required.

The soil sampling prob$am of the survey will be conducted in a manner

that will.insurestatistically meaningful results. Several types of soil

samples will be collected for analysis: (1) A sample consisting of two
-.

15 cm deep cores of 30 cm2 area each; (2) A surface soil sample collected

by a “cookie cutter” of 30 Cn2 mea to a depth of 5.0 c~; and (3) A

profile collection based upon side wall sampling in a trench in which

complete ssmples of fixed horizontal area are taken to selected depths.

The increments of depth are chosen according to predicted, suspected,

or bown radioisotope

uccording to any soil

concentration vs. depth

horizons present at the

relationships and also

sample location. Nominal

DOE ARCHIVES
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depth increments in centimeters will be: o-2, 2-5, 5-10, 10-15, 15-25,

25-s~ and at 15 cm intervals below 35 cm. If a soil horizon is encountered

the interface ltnes will be chosen as the increments from the horizon

ratliertkianthe fixed nozina1 incrc:;,cntsfrcm the surface.

Lacetims for the collection of soil sanples l:illbe chosen on the

basis of (1) random selection and (2) ground or aerial su&ey meter readin~s.

These zxe described helm:

& Samles collected cn the basis of random selection.

1. Each island will be divided by a m.rrow grid, (i.e.,

approximately 2500 points or 50’ x 50’ grid k’hicheveris

smaller). All areas defined by such a grid will be numbered.

2. If stratification is desired and in oi-der,the strata will be

chosen and indicated on the grid net’::ork.

3. ~ndi~i~al s~,ple areas will then be chosen within each strati-

fication or grid by selection o.p the appropriate coordinate

number utilizing random number tables. The number of samples

per island or group has been previously determined through

consideration of desired goals and statistical significance.

4. The exact location of the sample collection is to be the center

b...- 1...+1...w.-A#.-Cf t% &-~a ~L~WO=~LUJ

-..-h.- +.al.-4...a ~~~~~~~~~ ~ri

UAAL A UAAUUUL ULAUIUL.L ukLL..A*yuL

No. 3 above. It is realized that the determination of such a

point with any great precision or accuracy in the field is tech-

nically impractical in most cases. It is most important hoi~ever

that the ss.nplecollector make every reasonable effort to locate

the position as closely as possible. In particular, the sample

should come from within a 10 foot by 10 foot area defined as the

center mea of the grid point. Ideally, the ssunplewill come from

the exact center of this limited area es just stated. In the field

the location will be identified as indicated on the map but will

be located probably by pacing or other field direction. The spot

so determined by such pacing will be the actual spot at the end

of the designated number of paces, and no other. If there is

some obstacle to sampling at this specified location (e.g., a con-

crete pad) then

sample taken.

that fact should be recorded in the field and no

POE ARCHIVES
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5. Ewh sample will be bagged and marked with an appropriate identi.

flcation code.

B. Selu.ples collected on the basis of survey meter readings.

l.. Mditional samples willbe collected from locations where abnormally

high readings were obtained from either the Baird-Atomic scintillator

m the FIDLER.

2. Each sample will be bagged and marked with an appropriate identifi-

cation code.

?ield Analysis

A radiation countir~ Ia%cretory will be established on Eniwetok Island.

- laboratory will contain a 3“ x 3“ NaI and an intrinsic Ge detector plus

associated electronics. These detectors will allow scanning of the samples

fbr gmma emitting fission and neutron activation products as well as
~ar 241h

. The data obtained by this scanning process should provide in-

fo-tion which may influence the collection of additional samples from

~nated areas. This information will also be valuable in determining

flrtureanalyses to be performed on the samples after their srrival on the

eotztinent.

Preliminary Soil Sampling Schedule

As mentioned earlier, the survey will address the least contamina-

ted -lands first and proceed to the more heavily contaminated islands.

The following is a more detailed listing of the islands within each

of t%e four phases. Also included is a preliminary estimate of the

mxmher and types of soil samples to be collected from each island. The number

of O-5 cm and 0-15 cm samples is urived at on the basis of one of each

for approximately 105 sq ft of surface area and the number of O-35 cm

(Profile) samples on the basis of one per 8 x 105 sqft of area or a

xhrbnan of two per island. The other (Profile) samples are for special

situations such as’decontamination pads or areas in which field activities have

disturbed the original soil.

POE ARCHIV=
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Island

...

Phase I

Glenn

Eenry

11-llrln

James

Keith

Leroy

Rex

Bruce

David

Elmer

~ed

Total

J&u-ox.
Area
(105 Sq ft)

25
13

7.5

h.8

11

7
2

9
48
80

140. . . .

0-5 cm

25
13 -
“8
5

l.1
7
3
9

4a
96
~

283

Number of Samples

O-15cm

25
13
8
5

11
7
3
9

48
96
g

283

0-35 cm (Profile)

3

2

2

2

2

2

2

2

4

21

Other (Profile)

6 (4ft. )
10 (4ft.)

7 (4ft.)

23

. .

DOE ARCHIVES
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Phase II

Island -

Alice

Belle

Clara

Daisy

Kate

Lucy

Mary

Xancy

Olive

Pearl

Tilda

Ursula

Vera

Wilma

Total

Phase III

Island

Bene

Janet

Sally

TOtal

Approx
Area
105Sq ft

10

20

2.

1

0.3
8

10.5
6
9

14
27
15
12
10
‘7

—

Approx
Area
105 Sq ft

20

120

37

0-5 cm

20

30
8
8
5

20

20

20

20

21

41
30
24
20

20
—

307

.

0-5 cm

30

150

40*

‘4!20

Rumber of Samples

0-15 cm

20

30

8

8
5

20

20

20

20

21

41
30
24

20

20 .
—

307

Number of Samples

0-15 cm

30

150
40*

220

0-35 cm(profile) Other

2

3
2

1

1

2 (2ft.)

3 (2ft.)

2

3

3

3

3

3

2

2 (2ft.)

28 7

0-35 crn(profile) Other

6 4 (6ft. )
15 (6ft.)

g
* 6 (6ft.)*

16 25

*Will be influenced by the extent of PACE activities on this island.

.- -17-
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Phase IV
—. --- ..- . . . . . . . . -. .,– CL.

—.

—.. .

---
.-.

.“_—---

---
—_.

. .

.——------

The OW island lncluaea In tnls pnase Is Xvonne, wnlcn LO ow
——

Imowledge is the most contaminated island in the atoll. Field suveys

will be conducted with the FIDLER and the Baird-Atomic scintillator in

order to supplement data obtained during previous surveys. The ob-

jective here will be to obtain survey data on at least as small a grid

pattern as is obtained for the other islands. Similarly, a number of

mil samples will be collected in selected locations for purposes of

evaluating the extent of cleanup required to rehabilitate the island.

~ extent to which additional data can be obtained by the survey

~oup which speak to either the radiological hazard on Runit or to the

en~ineerin~ aspects of the cleanl.~poperation is not clear at this time.

The kind and amount of such additional data will be deterr.inedin the

field by the survey team.

l!hermol.minescentDosi-metryProgram

Since the enerW_response of the Baird-Atomic NaI scintillator iS

nonline_=, the measurements made by-this instrument may-not be a true

measure of the external dose rate produced by the gamma emitting radio-

nuclid~ deposited in the soil. To”overcome this deficiency we plan to

incorporate a thermoluminescent dosimetry.(TLD) program~hich will provide a-::

correlation between.TKe NaI scintilT5tor measurements ani the actual dose_
--

rate measured by the TLDs.

--- %%s momam will utilizes-cembinationof LiF and CaF.:Dy TLD:-.:-,—----— .- ----
c-

—.. packets; -Approximately-40 packets will be placed at selected locations ---

- in such-a manner that abroad range.of dose rates from 2_ ~R/hr to 200 ___
--=--—- -.

~R/hr ~ill be meastied for the co~.elation study. In order to eliminate-
~_-.L—-.

exposm-e_during tra&it time, the &simeters will be an-nealed’atEniwetok
----=—

Island ~ust prior t&their placeme!&in the field. Afl%lrhaving been - ‘-
- ---
_..—

exwsed for one mo~h or more in th–e–field, the TLD pac~ets will be re- -
----.—- ‘Covered”and read-out-a-tErii<’et6kIslarii~---‘- ‘----:--::.

Iv.

POE ~CHIVX

AIR, BIOTA, and POTABIF WATER SURVEY - .

The objectives of the terrestrial air, biota, and potable water

sampling program are:

8) To collect representative samples of edible plants and animals for

radionuclide analysis and subsequent estimation of food-chain trans-

fer of radionuclides to fhture inhabitants.
.- -“17-
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b)

c)

1

b.

c.

.-

d

i

1.

a.

!

To measure airborne radioactivity for assessment of the inhalation
2j9~

pathw=y of emosure, p=ticularly for . The air sampli~

program will address this exposure route at the numerous “clean

islands” and also in the more contaminated areas such as the

environment on Runit (Yvonne).

To correlate the food-chain ssnpling program with the field gamma

measurements and soil sanpling program in order to maximize the

information a-railableto quantify rates and mechanisms of transfer

c)frad.ionuclidesfrom soil to man through food-chains. The field

survey team will obtain plant samples wherever possible from the

soil sampling sites; the terrestrial food-chain team will bhtain

some soil samples, where necessary~ in the ~eas where they sample

edible plants such as pandenus and arrowroot.

Air Saapling

Airborne particulate will be sampled by means of three types of samples:

Ultra-high volume (UHV) samples: - Two calibrated UHV samplers will be

operated at a rate of 1000 cfm. One such sampler till be operated con-

tinuously on Eniwetok Island (Fred). The other sampler will be trans-

ported from island to island for measurements. Measurements will be

made also at

be S*.&yw.u..---W+.<:

direction to

activity.

selected offshore sites on the LCU. Both samplers will

~. ---- -.+.---1 “~ua. uLuLuAuAG&CG~ r,ecm,iz-erLeiit~f ..:-aW.LUU speed Srlii

aid in the interpretation of sources of detected radio-

Low-volume (LV) samplers: - A large number of calibrated~ cfm LV

samplers will be fielded and operated on a semi-continuous basis.

Banks of these sa..plerswill operate continuously on board the

Palumbo and the LCU used in marine sampling and transportation.

Others will be fielded strategically to investigate radionnclide

levelsin ai- downwind from contaminated areas. DOE ARCHIVM

Anderson Cascade Impactors - ‘fwo20 cfm, 5 stage cascade impactors

will be used to obtain long-term samples of air for investigation of

the size.distribution of airborne radioactive particles.

This combination UT cir s=mplmwTII%’e utilized to nddress

the question of potential exposure to future inha%ltants throu@

inhalation of airborne radioactive particles. The initial plan will
239PU exists

provide sufficient data to ascertain whether-or-not

in the air at levels In excess of.world~ridefallout background

and to define the

-19-
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locations and circumstances

samples will be analyzed on

can be reviewed by the Data

of any such elevated levels. These

a priority basis so that results

Evaluations Group early in the study.

These evaluations will be used to decide on any

the air sampling progr%! design and scope which

to the Technical Director for implementation.

2. Biota Sampling

The terrestrial food-chain team will focus their

semcplesof urowoot~ pandanuss coconut> crabs> birds

adjustments in

can be proposed

effort on obtaining

and such other plant

and animal organisms as may constitute the diet of future inhabitants. The

edible vegeta~ion samples will be collected as available and in conjunction

flth appropriate soil samples. Edible animal species will be collected as

avatl~ble by t.r~ppineor shootj.ng.

Inedible pl~nt species to be used as indicators for soil-root-plant

pathways will be coliected with the soil survey group. At least two or

three species that occur on all islands will be used for this purpose in

order to “obtaincomparative data. Samples of these will be collected on

the lagoon side, ocean side, and in the central parts of each island at

points where soil samples are collected. These will be returned to the

Eniwetok Laboratory for identification and processing.

Rats, which are not considered to be a part of the human food chain,

are the only mammals existing on the islands and may be considered as an

i.miicatorspecies. These will be trapped and specific organs will be analyzed

?or radioactivity. Collection sites for all specimeriswill be identified
-.

O= the radiological survey maps for later correlation.

3. Potable Water

The only potable water on the Atoll is derived either from rain water or

tha distillation plant on Eniwetok. Samples of these will be collected for

radiochemical analysis along with sludge samples from the distillation plant.
-..

In addition, a marginal lens exists on Engebi which we plan to sample.

4. Onsite Laboratory at Enivetok ~0~ ARCHIV~
An onsite laboratory will be established on Eniwt?tokfor processing—.

sam@es obtained by the biota field teams. This will include; forced draft

~ns for drying plant material for shipment; dissecting equipment for

separating organs from animal species, and counting equipment screening of

spacimens before they are returned to LLL. The principle equipment to be

. -20- _-—
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● used will consist of a pair of 4“ x 4“ NaI detectors and two single

channel analyzers. A few selected samples will also be screened with

a Ge(Li) system in order to determine their radionuclide content.

The Data Evaluations Group will be in charge of co-ordinating

collection of data and samples, sample coding, preparation, counting,

and other activities in this onsite laboratory.

v. EY!IVZTCKAQUATIC PF!CGR.LN

The mission of the aquatic survey will be to define the contri-

buting radioactivities in the lagoon and reef areas of the atoll to

assess exposure pathways to individuals utilizing the aquatic environ-

ment. Sources and levels of activity in the lagoon and reef will be

defined using indicator organisms, in-situ detectors, sediment, and

water analyses. Sanples of edible marine vertebrates and invertebrates

will be collected an? analyzed for specific radionuclides. Many species

will be collected frcm the reef and lagoon sreas that were surveyed in

1964. Changes in activities levels noted over the 8 yesr period will

be assessed. Several methods of assessing the residence time of specific

radionuclides in the lagoon environment will be employed.

The t~es and quantities of samples required will be discussed in the

next sections. The entire program, covering both survey and food chain

sampling, will be integrated in order to best use our av~~ilablesampling

facilities.

Progrm Implementation

The development of the aquatic program in the Eniwetok

originally designed to take advantage of facilities offered

vessel, R. V. Palumbo from the Puerto Rico Nuclear Center.

left Puerto Rico on August 20 enroute to San Diego, Hawaii,

lagoon was

by the research

The Palumbo

Kwajalein,

Bikini and Eniwetok. The mission of the vessel is in support of a DBER

finded program involving individuals from the University of Washington,

Lawrence Livermore Laboratory and Puerto Rico Nuclear Center investigating

the biogeochemical behavior of the transuranium elements in a labelled

marine environment. Due to mechanical failures and other operational

problems, the Palumbo has been in the San Diego Naval shipyard since

September 9 undergoing extensive repairs. The vessel left San Diego on

28 September. If no further

~ present schedule would delay

delays are encountered enroute, the Palumbo’s

its arrival time in Eniwetok by 16 days. The

~c)~ ARCHIVES
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ship will therefore be

Eove=!ber. /Qt~~@ it

Eniwetok lsgoon survey

available in the Eniwetok area no earlier than 18

yril~be l{erj~~efil to utilize the Pd’&~.boin the

we are unable to plan on its availability. In

order to conduct a meaningful program early in the survey, additional

vessels are being readied for the lagoon work. They include:

1) LLL Boston Whaler - 17’ length

Equipped with bottom depth indicator; 65 HP Mercuzzyoutboard

and 7.5 HP auxillary motor; davit for over the side work with approximately

500 feet of 3/32” steel cable on a hand-operated winch. The vessel will

be available for coring, water sampling, dredging, plankton tows and in-

situ detection measurements. The ship will be used principally to support

neai--shm= Srldi-esf““--”’-*UJ.8A.

2) An “A’tfi-~~~eis presently under construction to mount on the LCU

mw enroute to Eniwetok. A portable gasoline engine-powered winch con-

taining 1000 feet of 3/32” stainless steel hydrographic cable will also

be mounted on the vessel. The LCU will have the capability to conduct

all phases of marine sampling and would be used principally to ssmple

the off-shore region of the lagoon.

3) Other ships of opportunity wouldbe used to ferry personnel and

gear to reef areas and, when practical, to assist in plankton tows.

If and when the Palumbo arrives in Eniwetok, its facilities will be

employed to supplement the on-going program. If, however, the two

facilities (Boston Whaler and the LCU) are the only ships available, a

complete program addressing all the survey goals could be conducted in

10-lZLweeks without the Palumbo. This estimate is based on having perfect

weather the entire period for 8-1o hours per day, 6-7 days per week.

A network of buoys will be placed in the lagoon as fixed reference

points during the sywvey. All personnel operating the whaler and samplinE

from the LCU will be trained and knowledgeable in all sampling techniques.

All samples gathered will be properly coded and sample locations plotted

on charts. Locations will be determined by using sighting compasses and

esttites based on running time and speed from fixed reference points.

The Whaler will contain all necessary safety equipment and tow a spare

6‘~ raft. The raft will be a means of transport to shallow reef areas.

The aquatic program, independent of the Palumbo, will require five

POE ARCHIVES
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personnel. Two people will operate the Whaler and three will sample

from the I.CU.

The sampling program will proceed from less contaminated areas of

the lagoon to the more highly contaminated areas in order to lessen the

probabili~ of sample contaminantion.

Aquatic Survey Goak and I.kthods

-se: To define the activity levels in the

in order to assess levels of external exposure

tsmination.

Objective

lagoon and reef enviromnent

and the degree of areal con-

Method

A. To assess surface exposure over the reef. Personnel operating from rafts cr
Only reef covered w/less than 3 feet of h’ater on foot utilizing ~-y survey
will he asszyzd. meters.

B. Immersion dose i~ off-shore beaches. Analysis of water and sediment—
samples and in-situ detection
methods using the Boston Whaler.

c. Definition of’activity levels in the lagoon
and major outflo~:areas over the reefs.

1. Assessment of sediment concentration
leve1s.

A) shore to 10 fm terrace in lagoon.
3) terrace to deep basin of lagoon.

C) deep basin.
D) craters.

Using the Whaler and LCU, se~ine:-t
cores, grab semples, suspended
material, and bottom ~:ater will ‘Le
collected and analyzed. .4nin-s:;
detector will be used to define
relative activity levels of the
bottom. A detailed bottom sur-re;-
using an in-situ NaI detector vill
be conducted off Runit, follcwec “:
extensive sediment sanpling.

The device used to obtain a boitz:
sample in,any area will depend
entirely on the composition of t!::
sediment. The sediment in the
lagoon varies from fifles2nd to
coral and algae. The percent of
each type of bottom material de-
pends on location, althou~h, in
general, a higher percenta~e of
fine material is found closer to
shore where a corer may be used.
In the deeper area of the l.a~oon
higher percentages of forrianifer?.
and nolimeda debris dominate. 1]:
these areas dredging and Crzb
sampling will be more successful.\

DOE ARCHMZS
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Objective Method

2. Water concentration Surface-to-bottom proffles will be
obtained by pumping 55 L water sample
Samples will be obtained from 18
stations in the lagocn afi:15 stati~;:
over the reef. Both the khaler and
LCU will be utillzed. 50 - 5 G=l
bottom ~~aterzzn.piesand :uspen~ed
sediment will be obtained in the
Runit area.

3. Additional supplementazzydata A variety of indicator orgznizns k:ill
required to assess relative concen- be obtained by dredging the sediment
tration levels in the lagoon. and coral knolls Ln the lFZCFE frG.n

the LCU and Xhaler. Daily planktcn
collections and invertebrates :Till
comphnent this effort. Sgscles of
algae will be obtained fron reef
areas for analysis.

Miscellaneous activities

The desalination plant will be studied, ~rithemphasis on the fate of the

sludge discharged from the plant.

Samples to meet survey requirements

Water

48-55 L water samples from the open lagoon and reef

Sediment

100

200

100

50

50

Biota

core samples 2“ and 3“ diameter

grab samples

dredge samples

suspended sediment samples

Runit cores

.,
\

Detailed vertical profiles of radio-
nuclide concentrations in 20 selected
cores will be determined. All other
samples will be rapidly scanned for
relative activity levels and seiectei
samples quantitatively analyzed.
Activity levels in vertical sections f
Runit cores will be determined in
about 50 samples.

1) 200 plankton samples If similar areas are szunpled,many
individual tows will be combined for
analysis, especially if the plar.!ton
field is low. All samples will be
rapidly scanned in the field and a
selected number quantitatively analyz:
on-continent.

2) Invertebrates, including -

Sponges

DOE ARCHIVES

Specimenswill be collectedfrom all
accessiblereef areas. ho3-503
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Objective Method

Urchins individual samples are anticipated and

Sea cucumber
all will be surveyed for relative
activity levels. A selected number,

clans probably no more than 200 will be

Coral
quantitatively analyzed. Included in
the latter estimate are all species

Starfish used in the diet. Some selected shells

Langusta
and coral will be carefully analyzed
and correlated with growth rates, corl-
centrations, as indicators of changes
irithe environment as a function of
time.

3) Gut contents of bottom-feeding fish collected in different areas will be

analyzed to assess concentration levels in lagoon areas.

Comparison of the activity levels in each of the above sample types will

be used to contour ectivity levels in tile lagoon and reef. Data from many

sample t:?ps, especially edible org~nisms~ will be used for dose assessment.

Field recommendations will be forwarded to the laboratory for guidance in

sample preparation and analysis.

Food chain dose assessment requirements

Purpose: To provide samples in order to determine the activity levels in all

edible marine species. The data are required to assess dose from aquatic food

sources.

There will be close coordination with the radiological assessment team who

will generate the information regarding Mashallese diet and define the percentage

of each marine trophic level in the diet. This information is necessary to

determine the sample size of a species needed, type of species, and post-treatment

method of the sample. Assessment of the levels of activity in carnivores,

bottom feeding carnivores, omnivores, herbivores and all invertebrates will be

made. Dietary habits of the Marshallese people will be considered in the

treatment of ssmples. Some species may be consumed whole. The analysis on

these defined specimens will be made on the entire fish. For those species

where only the flesh or other organs sre consumed, the samples will be dissected

and the tissueanalyzed. The variabilityin activitylevelsin similarspecies

fkom different areas will be determined. Sampling sites will include those

areas visited by the 1964 survey team. Fishing methods will include trawls,

gill nets, long lines, traps, rod and

will be operationally defined, 200 to

reel, and spearing. Although the fishing

300 samples are anticipated for quantitative

DOE ARCHIVES
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analysis of all detectable radionuclides.

VI. RADIOCIIEMICALANALYSES

Required anal.tiicalmeasurements on samples

Eniwetok Atoll are summr ized in this ticument.

in tabal= form, beginning with a description of

recovered in the survey of

The information is presented

varims sample types and

estimated quantities to be recovered. In Table II we summrize how samples

will be handled, including treatment at Eniwetok, form in which the material

till be shipped, and necessary initial treatment required before s~Ples are

ready for routine analysis.

In Table III we summarize the kinds of analyses expected to be necesssry,

including a list of nuclides which have been detected in Eniwetok ssmples

taken in earlier years. Most of the samples will be GeLi gamma counted as a

rouklne matter. +io~ ~s to ho:.r p::y ~~a~.~~e~ y.T~~~ ~equir~ d~~~o~~~~~~.The ques..

and wet chemical ane.lysescan be answered accurately only as the planning and

sample recovery progress. k!eneed an assessment of the importance of
go~r

241
analyses; we expect to infer Pu content frof:A Am measurements in some samples

vhere more precise Pu analytical n.easurementby wet chemistry is not required.

We anticipate that the more difficult
55Fe and

63
Ni analyses will be performed

only on selected samples> principally from the aquatic fOOd chaino

Table I. Sample type, quantity

I.

II.

.-

— ——.

.-

Soil surveyprogram

A.’ Soil profiles, 200

3“ diam, O-1,

X 6 = 1200

1-2, 2-3, 3-6, 6-9, 9-12

115cc/in., 170 g/in.

B. Six-inch deep

3“ diam,

c. Two~inch deep

3“ diam,

Aquatic sempling

A. Plankton

B. Sediment

c. Seawater

cores 800

0-6”, 2 adjacent (=2 kg)

cores 800

0-2”, 300 g each

program

(48 (55 liter), 50 (I8 liter)

Predicted Total
200

100 + selected samples

100

DOE ARCHIVES
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Table I. Sample t~, quantity (continued)

Predicted Total

D. Coral Selected samples for use

as indicator organism

%. Invertebrates

)
Sea cucumbers

I

i!ridacna

Spider snail

1
Spiney lobster. )

F. Vertebrzt2z

Edible reef fish and indicator

species

I
Larger lagoon fish (Sharks, albacore,J

tuna, grouper} etc.)

HI. Biota samples

—. .— . “A.

B.

c. -

Iv. Air

JL

B.

c.

200

200..300

Vegetation - yd:;y:ible 300
~o-loo

Ter~estr~al-animals (including disected parts) 150

Pbtable water

samples

High volume samplers

kw tt 1?

Anderson cascade impactors

~le II. Initial samble Processing

TYeatment at
Eniwetok

1. SO13.S Package—

Ix. Aquatic samples

A. Plankton Freeze

15

lca

80 .

80

Shipping
form —-Initial treatment

As recovered. Dry, grind (ball mill),

weigh, package> NaI count.

DOE ARC1ilVES
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. Zable 11. Initial sample prGcecsing (continued)

‘IYeatnentat Shipping
J?nivet.ok form

B. Sediment

1. Grab samples Freeze Frozen

2. Cores

c. Sea water

D. Coral

E. Invertebrates

F. Vertebrates

m. Biota StU@eS

JL Vegetation

B. Terrestrial

animals

FYeeze Frozen

Acidify As water

Freeze Frozen

Freeze Frozen

Freeze Frozen
(filet?)

Dry‘:Dry

Freeze

c. potable water Acidify

Iv. Mr samples Package

I~~ljialtrep.tment

MY, grind, weigh,

analyze.

Section (volurn.e,wet T::)

thaw, dry, grind, Weigk,

analysis.

Analysis

See Soils.

Weigh, thaw, (dissect?),

dry, (dry ash), weigh,

analysis.

Same as item E.

Dry, grind, homogenize,

analysis.

Frozen Weigh, thaw, (dissect?),

dry, (dry ash), weigh,

analysis.

As water Analysis

As recovered Analysis

DOE ARCHIVES
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Table III. Kinds of analyses required

I. ma counting

A. In general, no dissolution nor chemical separation will be required

prior to gamma spectronetry. There could be occasional exceptions

to this rule, e.g., sea ‘raterwill require processing.

~: It is eqeeted that essentially all samples will be gamma counted.

In many cases, this may be the only analysis required.

c. Ruclides which are expected to be observed and which can be quanti-

tatively measured by gama spectrometz’y:

40K 60C0 106RU J-37Cs 152>154>155EU 241An, 125sb, 207Bi, 108m%,
s Y 3 9

65=; 102
s Rh, U and Th chain daughters

11. Dissolution of sample

A. Plutonium analyses

1. Alpha counting
238,239+240~

2. Mass spectroscopy
239,240,241,242

Pu where wsrranted

$10
B. %r - beta counting of Y daughter

c. Other nuclides:
55Fe 63Ni 147~ 151Sm, 14C

> 9 9

Soft radiation emitters will require specific chemical separation.

m. Tritium

Table ti. Laboratory analytical capability

Laboratory -. Kind of analytical work

Initial sample prep., SOilS

n II t! , biota (including

dissolution of all marine samples)

Complete analytical treatment, sea water

Gamma analysis, all types of samples

Sample rates

400 ssmples/month

for initial sample prep.

of soils

DOE ARCHIV~
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Table TV. Laboratory analytical capabil..;ty (continued)

Laboratory Kind of analytical work

Br3 Gamma analysis

soil dissolution chemical analyses for Pu,

90Sr

Complete analytical treatment, air filters

w

Contract
sxialys es

Samle rates

55~e *~a~y~is Not established

gosr analysis

Gamma analysis

Soil dissoluiionj chemical

analyses for Pu,
go~r

-C (X’A) Chem. Anal. far’Pu

---- -

200-500 samples,/month

Not established

Vlz . C-l-n )L%ESS:37T FM!’.?’

Durhg the field survey of the Islands in the Eniwetok Atoll, an attempt

till be made to evaluate possible clean-up mechanisms and provide data for

I’Mazreengineering estimates of the decontamination operation. This decontam-

ination assessment is anticipated to take the following form:

1. An estimate of the quantity of activated materials and debris from

~ous tests willbe made. Special attention will be made to record, in a

pretiinary sense, location, mount, and radiation levels of the debris that

shcmld be removed before reoccupation.

2. An attempt will be made to evaluate the feasibility of collecting

single particles or “hot spots” by simple excavation techniques or sieving.

Vax%ms sized screens will be taken to evaluate the feasibility of separating
..

cmxlxminated debris rather than removal of all contaminated soil and/or coral.

The character of the contamination in various areas will be evaluated in terms

of the feasibility of removing localized hot spots in preference to ‘rhole-scale

excaxration. An attempt will also be made to locate localized hot sreas which

will require total excavation. lXIE ARCHIVES

3. A literature search is presently underl~ayand willbe continued to

evaluate the applicability of modif~ng existing techniques, other than whole-

-30-



!.

4,”

●

. J.

VIII.

scale bulldozing, in decontaminating large contaminated areas.

4. Thorough evaluation of field survey data, the extent of con-

tmnlnated areas will be map-wd, and contamination profiles folded into

the data in order to estimate the total area

smEzmIIx
A schematic diagram of the schedule for

Survey Program is shown in Figure 5.

requiring clean-up.

the Eniwetok Radiological

We now expect that the field survey gr:up will depart

On or about Gctoher u> 1972 and that the ZOr~~on Eni-~:etok

approxi.mtely eight weeks. Samples taken in the field are

for Eniwetok

will take

to be returned

to Livem~re on weekly scheduled flights. Processing and analysis will

begin as soon as the first ssnples srrive at LLL.

The first data that are expected to be available are those talkenin

the field (smple tiypesand locatiois, survey instr~ent readingss etc.).

These should be in reportable form by January 1, at ~:hichtime a review

meeting may be scheduled to discuss the status of the program.

Considering all available laboratory capabilities, sample preparation

and analysis will certainly take a number of months to complete. Samples

will be processed on a priority basis according to the needs of the.
Radiological Assessment Group, so that the Di3ERassessment and review can

proceed on a continuous schedule rather than wait for all data to become

final. The DEXR review schedule shown in FiG.5 is a very tentative one.

Every attempt will be made to speed up the process, without compromising on

quality or completeness,

that gathering this much

accomplished overnight.

-.

of course, but no one should be under the impression

experimental data and interpreting it will be

POE ARCHIVES
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SCHEDULED FOR THE ENIWETOX FUiDIOLOGICALSURVEY

1972 1973

~~?T CCT NOV ! DEC JAN FEB APR MAY JUNE JULY AUG SEPT C.

PW7RA24
PLAN
DE-,C2LOH4ENT

(L
Iv
I

WRITTEY
WPc3TS

4

ON CONTINENT SAMl%E PREPARATION AND ANALYSIS ‘~(CONTINUE
---- -

AS REQUIRED)
---- - -+

A
ASSESSMENT GROUP PLANNING AND EVALUATION OF SURVEY DATA AS THEY BECOME AVAILABLE

u
o
m

HAN @~LEffyoN

‘OFFIELD ~ MONTHLY
SURVEY

i

ER.M’T

FINAL
REPORT

I i
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APPENDIX B

R 13ZL55Z Szn ?2

FM UsAEcFRA!u A CAm WASRDC

TO: USAE-CX SCATESLASVEGASNSV

“IMP@ LTQMCHK JNNDNAWASHDC

U- SUBJEGT: RADIOLOGICAL SURVEY OF ENIWETOK

PAlzA. AS A RESULT OF CGX.XWTS M&Xl BY AM2ASSADGR WILLIAMA AhD INITIAL AGRZEfi&iIS

BSACEED DURINGAN INTWWENCXMEETING HELD ON SEPTZM’EER7,1972,IT IS TNE OVZRALL

MC PllXPOSETO OAIN A SUFFICIENTUNDERSTANDINGOF THE TOTALRADIOUMXCALENVIRONM!?!W

OF MIIUETOK ATOLL ~ PERMITJUDGWNTSAS TO WNZTHERALL OR ANY PART OF TiE ATOLL CAN

_ = RZINBABITEDAND, IF SO, WRATSTZPS TWARD CLEANUP SHOULDBZ TAKEN BZFC23?ANI

ARl UHAX POST-BZHABILITATIONCONSTRAINTSMUST BE IMPOSED. IT IS li%CESSARYTO

TEOBOU~Y ZXAMINZAND EVALUATZRADIOLOGICALCONDITIONSON ALL ISIANDSOF ~ ATOLL

AND ZN H IMAL MAMNB BNVIRO- PRIORTO COMMENCEMENTOF CU!ANUPACTXVITIBS IN

~R TO OBTAIM SUFFICIENTRADIOLOGICAL INTELLIGZNCB TO DXVELOP AN APPROPRIATE

CIIANUPPROGRAM. WZCXFICALLY, IT IS NBCSSSARYs

1. TO 3ACATXAND ~NTIFY CONTAMINATEDANDACTIVATEDT%ST DEBRIS,

2. IO MCATZ AND8VALUATSANYSIGNIFICANTRADIOLOGICALNAZARDSWHICH MAY COMPLICA~

3. TO XDZ= SOUR~S OF DIRECTMDIATIOW AND FOODCHAIN-TO-MAN PATNS NAVI?W

-OLOCICAL Il@LICATI~S,

?ABA● YW ARX OIRECZSD~ PLAN,ORCMIZB, AND 00NDUOTA RADIOLOOIOAL?L2LD SURVZYTO

SUVZMP SUFFICIEihATA ON TM TOTALRADX~OGICAL SNVIROIW!?Z $IF SNIWZTOKAtbLL TO

?’BEUXTZ= ASSZSMNTS ON WXCH TNZ JUDGMZNTSDSSCRIBZDABOm CM BE MADX, TNIS

DOE ARCHIVM
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SURTBYSECRILD=ACCOMPUS ~D AS SOONAS POSSIBM UPON ~MPIXTION OF THE NE~SSARY

PIA8UUG AND CfXIRDIRATIOH. IT SHO~ 00NSIDER THE TOTALENVIR~ PERTINZNTTO

BXMA3XIJTATI0XIECLUDXNGBOTHEXTSRNALRADIATIONDOSAGEAND BIOLOGICALFOOD-CHAIN

UllS~TIOKS . IT IS ANTICIPAZZDTIIATTECHNICALSTANDARDSAND REQUIRZMENTSWILL

1.

2.

3.

4.

5.

co

7.

BE,

BY RESPONSIBLEDATXS1OHSUI~dINABC K&ADQUARTERS. IT IS UNI)ERSTOODTWT

BAS ~ INITIA~D BT DOS AND D~R IN COOPERATIONWITH FIELDORGANIZATIONS

PLANNINGWILL SERVXAS THE BASIS FOR A COMPREHSNSIVE SURVEY PLAN.

~TING TNE ABOVE OBJECTXVE YOU ARE DIRBCTBD TOs

PEPARE A PLAMFOR TIE CONDUCT OF RADIOLOGICAL FI~D SURVBYAND ANALYSIS OF

SMPL2S OBTAI’MD UTILIZINGNBC2!SSARYLABORATORYAND 00NTWOTOR SUPPORT.

-CT PERS~L l@@ SSAIClTO CONDUCT ~ FIELD SURV2Y ●

SKUCT IMORATORE S AND H! RSONNSL TO ACCOMPLISH~ tW=SSARY LABORATORYWORK

POE AN&YSLS OF SAMPLES. THIS TASK INCLUDES ESTABLISHMENT OF PRO(ZDURBS,

~S , AND METNODSFOR CORRELATION OF DATA BETWEEN LABORATORIES,IN THIS

~T YOU SHOULD PROVIDE FOR REVIEWAND REPORTINGOF DATA.

SUPPORTPATEHAYAND DOSE ASSESSMNT ACTIONS WHICNWILL COM UNDER OVXMLL

=_CAL DIRECTIONOF ‘JIE DEER, SUPPORTEDBY THS WS .

ARBA= FOR =~SSARY LOGE TIC SUPPORT

-INATX LOGISTICSUPPORTREQUIREMENTSWITB THOSB

TO - CONMX3ZDCONCURRENTLYBY DNA●

~OT LIAISON WITH DNA IS AUTHOM2SD , AS MQtlXSt#D,

MUARTS2S D2VXS1ONSADVISED.

~ZPINQ ~N2ZANT MC

DOE ARCHIVES
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8. PENDINGFURTE?=GUXE9UX YOU AX??iDIRECTED TO API?P5SSCONSIDERATIONSOF PR1OR1TY

= -= = SiQ!PIX ANALYSIS AND FOR BIOLOGICAL PAT!?WAYAND DOSE ASSES?!!3HT

FOXTIoNs OF TEIsTASK.TTIS A~CIPATZ?) TNATA REVIEW OF ‘W!! SURVEY WILL B!!

-CTZD UPON COXHL2TIONUP TEB FIELDEFFORT AN~ BY TNAT TIME MORllDEFINITIVE

=tiCS WILL = FOIUMMING ON PRIORITIESIN TEE AREAS OF ANALYSIS AND

&w-@-m
-UU--.1A .

PARA● YOU AREAUTHORIZEDTO EXPEND$150 K IN TEE INITIALPMNNING AM ORGANIZATION

OF YEXS SURVBY. lXTIALLY T9S COST OF PERFORMINGTHIS EFFORTSHOULDBE CHARGEDTO

m -NTINEBT PRLERAX. FORYOUR INFORMATION,~ GENERALMANAGERHAS APPROVED

~ 2 OUTLINEDIM TNS CONTROLLER~SMEMORANDUMDATXDAUGUST28, 1972, AND

m ~ w~ OUT~ING ARRANGM!NTSFOR THB BNTIM SURWY ● YOU WILL M

mnAmmsm.

MA~WWG:265-1.
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APPENDIX c

?

XtiVQ Schedule for FieldSurveyPersonnel:

2 i 1 111 1 1 11

,(
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SOIL SURVEY(Cent’d)

RTN
10/12 10/18 10/25 11/1 11/8 11/15 11/22 11/29 12/6 ~

Phillips (EIC)

Parker (EIC)

Price (EIC)

Young (EIC)

%mnona (fi&Nj

Chambers (HtJ)

13 13 13 13 12 12 11 9 9 9

MARINE

Noshkip(L)

Nelson (UU)
---
Seymour(UW)

Bagle (W)
—..
J;hnaon (UW)

F–aler (L)

M–lladay(L]

Sctiell(W)

~apw”n (L)

Dawon (L)

Lti’k(UW)
...

.

.

—.-—. - .— ----- PALUMBO

—. -.-.-——.. - .-

.-. —

PALUMBO
.- \

6 5 5 5 55 5
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..

Potter(L)

Korada (L)

McIntyre (L)

Thamp60n (L) ‘

stu8rt (L)

J. Mrtin (L)

cLe;-(L) -
—

4

BUCTEONICS

wubold (L)

Bidwp (L)

Bremhears(L)

Jmn (L)

tbeger(L)

Cite (L)
...-.
Thr811 (EPA)

‘iawian(EPA) ---

Yoder (1)
.

I

Asmss , DOE ARCHIVES

11 11
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Appendix c

s&QLJt PREP

millips (L)

U. M8rtfa (L)

Qtulhefm (L)

Medoza (L)

Wilson (L)

-igter (L)

-4-

Itul (EOff)?

3 3 3 333 3 3 3

FIELD 0.H!!!?4!TIQ?!S

Stewrt (NV)

Uase (NV)

Warren (L)

&tton (L)

2 2 3 222 2 2 2

~NTARY PBOIV

Wilson ? (L)

-r (Pen Ad

22

~ Det . surVey

DOE ARCHIVES

Total+ EC@ 36 31 32 37 31 29 28 23 17 Average 29


